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Axial setting device 

Description 

The invention relates to an axial setting device for actuating 
a multi-plate coupling in the driveline of a motor vehicle. 
The multi-plate coupling comprises a set of coupling plates 
which are alternately connected in a rotationally fast and 
axially displaceable way to the one and the other of two parts 
rotatable relative to one another, which rest against an axi- 
ally fixed abutment disc and which can be loaded by an axially 
displaceable pressure disc. For this purpose, the axial set- 
ting device comprises a supporting disc provided with . first 
ball grooves and held in the housing in a rotationally fast 
way, and a setting disc rotatable relative to said supporting 
disc and having second ball grooves. The pitches of the first 
and the second ball grooves are inclined circumf erentially in 
opposite directions, with each two opposed ball grooves form- 
ing a pair and accommodating a ball. Because said groove 
pitches are inclined circumf erentially in opposite directions, 
the rotation of the setting disc relative to the supporting 
disc causes an axial displacement and thus the actuation of 
the mult i -plate coupling . 

From DE 100 33 482 Al, such an axial setting device is already 
known. It comprise a' setting disc rotatingly drivable by an 
electric motor and a supporting disc connected to the housing 
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in a rotationally fast way. The setting disc is rotatably sup- 
ported on a hub of the multi-plate coupling by means of a rol- 
ling contact bearing and the supporting disc is rotatably sup- 
ported on a sleeve-shaped projection of the setting disc means 
of a radial bearing. Between the supporting disc and a pressu- 
re ring of the multi-plate coupling, there is provided an 
axial bearing via which it is possible to transmit an axial 
displacement between the supporting disc and the setting disc 
for actuating the multi-plate coupling. 

DE 101 29 795 Al shows a similar axial setting device which 
comprises two discs which are rotatable relative to one an- 
other, which are coaxially supported relative to one another 
and between which balls are guided in pairs of ball grooves 
whose depths vary across the circumference. One of the discs 
is axially supported and the other one is axially displaceable 
against resilient returning forces of spring means. One of the 
discs can be driven by a motor via a gear drive, and there are 
provided spring means which - during the return movement of 
the discs, after the end position of the balls in the ball 
grooves has been reached, which end position is represented by 
the greatest groove depth - permit overshooting of the driv- 
able disc against resilient returning forces of the spring 
means. The rotatingly drivable disc is supported by a needle 
bearing on the hub and the fixed disc is slidingly supported 
on a projection at the rotating disc. 

It is the object of the present invention to propose an axial 
setting device for actuating a multi-plate coupling in the 
driveline of a motor vehicle which has a simple design and, 
while having the same functions, comprises a reduced number of 
parts. 



In accordance with the invention, the object is achieved by an 
axial ' setting device for actuating a multi-plate coupling in 
the driveline of a motor vehicle, comprising a housing and a. 
ball ramp assembly centred and arranged on a longitudinal axis 
and having a supporting disc axially and radially secured in 
the housing, as well as a setting disc which is axially mov- 
able relative to said supporting disc, wherein the supporting 
disc is rotationally secured in the housing and comprises 
first ball grooves with a circumf erentially variable depth in 
a first side face, wherein the setting disc which is axially 
arranged between the supporting disc and the multi-plate cou- 
pling is rotatingly drivable and comprises second ball grooves 
with a circumf erentially variable depth in a second side face 
arranged opposite the first side face, wherein each first and 
second ball groove form a pair and wherein the ball grooves of 
each pair comprise pitches being inclined in opposite direc- 
tions and jointly accommodate a ball, and wherein the setting 
disc, on one side, is axially supported at least indirectly 
against the multi-plate coupling and, on the other side, is 
axially and radially supported by the balls held in the ball 
grooves . 

Said inventive solution is advantageous in that the axial set- 
ting device has a simple design because the radial bearings 
for supporting the setting disc and supporting disc respec- 
tively are eliminated. In consequence, the production and as- 
sembly procedures are also simplified so that the overall pro- 
duction costs are reduced. 

According to a first embodiment, the supporting disc is con- 
nected to the housing in a rotationally fast way. With a view 
to reducing the number of parts, it is particularly advanta- 
geous if the supporting disc is produced so as to be integral 
with the housing, with the ball grooves being formed into the 
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housing. In this way, it is possible to eliminate an addi- 
tional supporting disc. Alternatively, the supporting disc can 
be produced separately and, by means of an inner circumferen- 
tial face, slid on to a sleeve-shaped projection of the hous- 
ing. According to a further variant, the supporting disc, by 
means of an outer circumferential face, can be slid into a re- 
cess in the housing. Several embodiments are possible for fix- 
ing the supporting disc to the housing. Preferably, the sup- 
porting disc is connected to the housing in a force-locking 
way, more particularly by means of a press fit. However, the 
supporting disc and the housing can also be connected in a 
form-fitting way, for example by a splined profile, by a ser- 
rated profile or a polygonal profile or in a material-locking 
way, for example by being glued or welded together. 

According to an alternative second embodiment, it is proposed 
that the supporting disc is rotationally movable to a limited 
extent. More concretely, when moving forward, the setting disc 
can be used for loading the multi-plate coupling and when mov- 
ing backwards for releasing the multi-plate coupling, wherein 
there are provided spring means which - during the return 
movement of the discs, after the end position of the balls in 
the ball grooves has been reached, which end position is rep- 
resented by the greatest groove depth - permit a resilient 
overshooting of the setting disc together with the supporting 
disc relative to the housing. The spring means allow the set- 
ting disc to rotate further to a limited extent without me- 
chanically overloading the driveline of the setting disc. The 
rotating masses, when reaching the end stops, can be spring- 
suspended and preferably braked in a dampened way. In a pre- 
ferred embodiment, the supporting disc is held in a rotation- 
ally secured way between a rotary stop in the housing and the 
spring means supported in the housing, wherein the supporting 
disc, when overshooting, abuts against the spring means. The 
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entire oscillation process can be dampened by friction forces 
resulting from a sliding contact between the supporting disc 
and the housing. 

The spring means can be formed by a helical pressure spring 
which is arranged tangentially relative to the supporting disc 
and which cooperates with a cam attached to the supporting 
disc. According to a further embodiment, the spring means are 
formed by an elastic rubber or plastic element which is in- 
serted directly into the housing and cooperates with a cam at 
the setting disc. 

Preferred embodiments of the invention will be explained beiow 
with reference to the drawings wherein 

Figure 1 is a longitudinal section through a first embodiment 
of an inventive axial setting device with a ball ramp assem- 
bly. 

Figure 2 is a longitudinal section through a second embodiment 
of an inventive axial setting device, and 

Figure 3 is a cross-section through the axial setting device 
according to Figure 2 along sectional line III-III. 

Figure 1 shows a first embodiment of an inventive axial set- 
ting device in a mounted condition. The axial setting device 
comprises a ball ramp assembly 1 drivable by a motor 3 and in- 
tended to actuate a multi-plate coupling 2. The ball ramp as- 
sembly 1 and the multi-plate coupling 2 are jointly arranged 
in a housing 4, with the motor 3 being flanged to said housing 
4. The unit shown serves to be used in the driveline of a mo- 
tor vehicle for optionally connecting a driving axle. For this 
purpose, the multi-plate coupling 2 comprises a hub 5 with a 
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flange 6 which, for torque transmitting purposes, can be con- 
nected to an input shaft (not shown), as well as a carrier 7 
with a toothing 8 into which, in a rotationally fast way, a 
shaft journal can be inserted for driving a differential 
drive. For supporting purposes, the carrier 7 comprises a hol- 
low journal 9 which rotatably engages a correspondingly de- 
signed bore in the hub 5. 

The multi-plate coupling 2 which can be set by the ball ramp 
assembly 1 comprises inner plates 10 and outer plates 11 of 
which, in a rotationally fast and axially displaceable way, 
the former being connected to the hub 5 and the latter to the 
carrier 7. The plates 10, 11 are axially supported on a sup- 
porting ring 12 connected to the hub 5 and are axially loaded 
by a pressure ring 13. The pressure ring 13 is axially sup- 
ported on the hub 5 via a plate spring 14 and is displaced by 
an axial bearing 15 which can be loaded by the ball ramp as- 
sembly 1. As a result of said axial displacement, the carrier 
7, via the plates 10, 11, is coupled to the hub 5 for torque 
transmitting purposes. 

For displacing the axial bearing 15, the ball ramp assembly 1 
comprises a setting disc 16 and a supporting disc 17 which 
axially adjoins same, which are both arranged so as to be cen- 
tred on a longitudinal axis A. The supporting disc 17 is firm- 
ly connected to the housing 4; by means of an inner circumfe- 
rential face 19 it is pressed on to a sleeve-shaped projection 
21 and it is axially supported against a supporting face 22 of 
the housing 4. In a first side face 23 of the supporting disc 
17, which first side face faces the multi-plate coupling 2, 
there are arranged first ball grooves 24 whose depth varies in 
the circumferential direction. The setting disc 16 comprises a 
second side face 25 provided with second ball grooves 26 with 
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a circumferentially variable depth and being positioned oppo- 
site the first side face 23 of the supporting disc 17. Each 
two opposed ball grooves 24, 26 form a pair; the ball grooves 
24, 26 of each pair comprise pitches being inclined in circum- 
ferentially opposite directions, and jointly accommodate a 
ball 27. The setting disc 16 which is rotatingly drivable by 
the motor 3 and is arranged with a radial play relative to the 
hub 5 is thus supported against the axial bearing 15 at the 
coupling end and at the flange end, it is axially and radially 
supported only by the balls 27 held in the ball grooves 24, 
26. For being rotatingly driven, the setting disc 16 comprises 
a tooth segment 28 which is driven via a reduction stage 29 by 
the driving pinion 31 of the motor 3. 

During the forward movement, i.e. when the ball ramp assembly 
1 has been given a positive setting by the motor 3, the set- 
ting disc 16 is made to rotate, which setting disc 16 is axi- 
ally displaced by the balls 27 running from deeper ball groove 
regions to flatter ball groove regions/ towards the multi- 
plate coupling 2 against the returning force of the plate 
spring 14. During the return movement, i.e. when the ball ramp 
assembly 1 is returned, the setting disc 16 is rotated back- 
wards by the motor 3 in the opposite direction of rotation un- 
til the balls 27 reach the end stops in the ball grooves 24, 
26. 

Figures 2 and 3 which will be described jointly below show a 
second embodiment of an inventive axial setting device. Figure 
2 does not show the motor and drive because they are posi- 
tioned in a different sectional plane. The reference numbers 
of components identical to those shown in Figure 1 have been 
provided with an apostrophe. To that extent, reference is made 
to the previous description. 
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The embodiment according to Figures 2 and 3 differs from the 
embodiment according to Figure 1 wherein the supporting disc 
is firmly inserted into the housing in that the supporting 
disc 17' in the housing 4' is rotatable to a limited extent 
and, in the direction of rotation, is supported by spring 
means in the form of a helical pressure spring 32 in the hous- 
ing 4' . The helical pressure spring 32 is inserted in such a 
way that, when the end stops of the balls 27' in the ball 
grooves 24', 26'are reached, it permits a limited amount of 
rotation of the supporting disc 17' together with the setting 
disc 16' . The resulting abrupt braking of the setting disc 16' 
is not directly transmitted to the rotor mass of the motor 3' 
because the supporting disc 17', combined with a shortening of 
the helical pressure spring 32, permits overshooting. In this 
way, the rotor mass of the motor 3' and the drive masses are 
spring-suspended. 

It can be seen in Figure 3 that the helical pressure spring 32 
is positioned substantially tangentially relative to the sup- 
porting disc 17' which, together with the ball grooves 24' and 
the balls 27', is shown in a plan view. The helical pressure 
spring 32, in an anti-clockwise direction, is directly sup- 
ported on a step 33 in the housing 4' and, in the clockwise 
direction, on a cam 34 formed on to the supporting disc 17' . 
Said cam 34, in turn, rests against a stop 35 in the housing 
4' . This means that if a pulse acts on the supporting disc 17' 
in an anti-clockwise direction, the cam 34 at the supporting 
disc 17' acts on the helical pressure spring 32. As a result, 
the helical pressure spring 32 is shortened elastically, sup- 
porting itself on the step 33 in the housing 4'. Thereafter, 
the supporting disc 17' springs back clockwise and, by means 
of the cam 34, again rests against the stop 35 in the housing 
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4' . Damping of said oscillation process, can be ensured by 
friction forces between the supporting disc 17' and the hous- 
ing 4' . 
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Axial setting device 
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